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<g) Sodium benzoate as a nucleating agent for monoaxlally oriented polypropylene Urn. 



This invention relates to polypropylene film, specificaliy to mono-axiaily oriented polypropylene film 
with sodium benzoate as a nucleating agent to reduce shrinkage and increase stretchabflity. 
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SPECIFICATION 

g ac.kGROUN P OF THE INVENTION 
F ipn nF THE INVENTION: 



ncfifiRIPTION OF THE PRIOR ART ; 

sistance'and can be printed, coated and heat-seded. particularly tensile strength, stiffness. 
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agents such as sodium benzoate may show an increase in the modulus of elasticity over that for unnudeated 
film such formulations, as disclosed In U.S. Patent No. 5,118,566, do not result in an decrease in shrinkage. 
In fact, as demonstrated by the data in U.S. Patent No. 5,118,566, an increase In shrinkage may result 
It would be advantageous to use an additive in uni- or mono- axiaily oriented film which would reduce 
5 shrinkage. Low shrinkage is a highly desirable property for such applications as woven fabrics. It would be 
preferable if the additive is known to be acceptable as a component for food or medical applications. 

SUMMARY OF THE INVENTION 

10 Accordingly, this invention provides a uni- or mono-axiaily oriented polypropylene film with sodium ben- 
zoate as an additive to reduce shrinkage and a process for producing this film. 
This and other objects are accomplished by a mono-axially oriented polypropylene film comprising: 

1) polypropylene, 

2) sodium benzoate, 

is wherein the sodium benzoate ranges up to 1000 ppm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Amore complete appreciation of the invention and many of the attendant advantages thereof will be readily 
20 understood by reference to the following detailed description when considered in connection with the accom- 
panying drawings wherein: 

Figure 1 shows percent shrinkage in relation to sodium benzoate concentration. 

Figure 2 shows the values of tenacity at break at various draw ratios. 

Figure 3 shows the per cent crystallinity related to the concentration of sodium benzoate. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

The polypropylene of the present invention is a commercially available crystalline polypropylene. Crystal- 
line polypropylene exists in two basic structures : isotactic and syndiotactic. 
30 The isotactic structure is typically described as having the methyl groups attached to the tertiary carbon 
atoms of successive monomeric units on the same side of a hypothetical plane through the main chain of the 
polymer, i.e., the methyl groups are all above or ail below the plane. Using the Fischer projection formula, the 
stereochemical sequence of isotactic polypropylene is described as follows: 



38 
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Another way of describing the structure is through the use of NMR spectroscopy. Bove/s NMR nomen- 
40 ciature for an isotactic pentad is ...mmmm... with each "m" representing a "meso - dyad or successive methyl 
groups on the same side In the plane. As known in the art, any deviation or inversion In the structure of the 
chain lowers the degree of isotacticlty and crystallinity of the polymer. 

In contrast to the isotactic structure, syndiotactic polymers are those in which the methyl groups attached 
to the tertiary carbon atoms of successive monomeric units in the chain lie on alternate sides of the plane of 
48 the polymer. Using the Fischer projection formula, the structure of a syndiotactic polymer is designated as: 



In NMR nomenclature, this pentad is described as ...rrrr... in which each V represents a "racemld" dyad, 
he., successive methyl group on alternate sides of the plane. 

The percentage of r dyads in the chain determines the degree of syndiotactidty of the polymer. Syndio- 
tactic polymers are crystalline and, like the Isotactic polymers, are insoluble in xylene. 

This crystallinity distinguishes both syndiotactic and Isotactic polymers from amorphous or atactic polymer 
which is soluble In xylene. Atactic polymer exhibits no regular order of repeating unit configurations in the poly- 
mer chain and forms essentially a waxy product 

While it is possible to produce all three types of polymer, it is desirable to produce predominantly isotactic 
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or syndiotactic polymer with very little atactic polymer. The polypropylene polymer of the present invention is 
isotactic polypropylene. The polypropylene component of the present invention comprises an isotactte poly- 
propylene having an isotacticfty exceeding 97% as determined by C ia -NMR spectroscopy. 

The film of the present invention is prepared in single stage draw process. In this process the polypropylene 
is plastif ied and compressed in a extruder. The melt is then extruded through a flat sheet die and water quench- 
ed. The polypropylene sheet so produced is thereafter uni- or mono-axially drawn, i.e. ( longftudinaOy wfth ra- 
sped to the direction of extrusion at temperatures below the melting point of the polypropylene used, the draw 
ratio in the longitudinal direction being at least about 4:1. The film may have any predetermined thickness; 
however, thicknesses of about 0.5 mil to 5.0 mil and preferably 1 .0 mil to 3.0 mil are particularly useful In the 
intended field of the present invention. 

The sodium benzoate of the present invention has a purity of 99% and particle size of from about 1 .0 mi- 
crons to about 3.0 microns. 

The particle size analysis indicates the following distribution: 



Range (mictions) 


0-1.0 


21.51% 


1-20 


15.0% 


2.0-3.0 


1.08% 


3.0-4.0 


0.65% 



The invention having been generally described, the following examples are given as particular embodi- 
ments of the invention and to demonstrate the practice and advantages thereof. R is understood that the ex- 
amples are given by way of illustration and are not intended to limit the specif ication or the claims to follow 
in any manner. 

PROCEDURE FOR COMPOUNDING POLYPROPYLENE FORMULATIONS 
The following table describes the base formulation: 



Base formulation 


Parts by weight 


Polypropylene homopolymer powder 
Primary antioxidant 
Secondary antkaidant 


100 

0.001 

0.0005 



The powder and the additives were blended in a high intensity mixer at low speed for 0.5 minutes and 1 .5 
minutes at high speed. The mixture was then melt blended and peiletized using an extruder. 

PROCEDURE FOR MAKING MONO-AXIALLY ORIENTED FILM 

Polypropylene pellets are melted in a 2-1/2", 30:1 L/D extruder. The melt is forced through a slot opening 
die and formed a thin film. As the molten product flows from the die, it passes through a water quench bath 
where it is solidified into a uniform gage film. 

The film is then passed through a slitter bar where razor blades slit the film into predetermined widths. 
The split tapes continue to pass through a convection oven, which heats the polymer closed to the melting 
point and allows the tapes to be stretched. The stretch ratio is typically between 5:1 and 7:1. 

To reduce tape shrinkage, the stretched tapes are heated, annealed arid relaxed. Each of the tapes is 
wound on a separated winder system. 

COMPARATIVE EXAMPLES 

EXAMPLE 1 

The above procedures for compounding a polypropylene formulation and for making a mono-axially ori- 
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ented film were followed. The results are shown in Table I below. 
EXAMPLE 2 

The procedure for Example 1 was followed except 0.01 5 wt% of sodium benzoate was added. The results 
are shown in Table I below. 

EXAMPLE 3 

The procedure for Example 1 was followed except 0.025 wt% of sodium benzoate was added. The results 
are shown in Table I below. 

EXAMPLE 4 

The procedure for Example 1 was followed except 0.050 wt% of sodium benzoate was added. The results 
are shown In Table I below. 

EXAMPLES 

The above procedures for compounding a polypropylene formulation and for making a mono-axially ori- 
ented film were followed except a secondary antioxidant was substituted in the formulation. The results are 
shown in Table I below. 

EXAMPLE 6 

The procedure for Example 5 was followed except 0.01 5 wt% of sodium benzoate was added. The results 
are shown In Table I below. 

EXAMPLE 7 

The procedure for Example 5 was followed except 0.025 wt% of sodium benzoate was added. The results 
are shown in Table I below. 
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50 As shown in Table I, addition of sodium benzoate to mono- axially oriented polypropylene film results in 
an improvement in tape drawability. 

The number of tape breaks significantly decreased in those samples having sodium benzoate as a nucleating 
agent 

Figure 1 shows percent shrinkage decreases as the sodium benzoate concentration increases. Figure 2 
55 illustrates the values of tenacity at break at various draw ratios. Figure 3 shows that the per cent crystallinity 
increases as the concentration of sodium benzoate increases. 

The concentration of sodium benzoate seem to be optimum at 0.025 wt% (250 ppm). The shrinkage de- 
creases as the sodium benzoate concentration increases. But the formulation with 0.050 wt% sodium benzoate 
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exhibited a piateout problem. 

Obviously, numerous modifications and variations of the present invention are possible In light of the 
above teachings. It is therefore to be understood that within the scope of the appended claims, the Invention 
may be practiced otherwise than as specifically described herein. 



Claims 

1. A mono-axially oriented polypropylene film comprising: 

1) polypropylene, 

2) sodium benzoate, 

wherein the sodium benzoate ranges up to 1000 ppm. 

2. A polypropylene film as recited in Claim 1 wherein the polypropylene has an isotacticity exceeding 97% 
as determined by C 13 -NMR spectroscopy. 

3. A polypropylene film as recited in Claim 1 wherein the film has a thicknesses of about 0.5 mil to 5.0 mil. 

4. A polypropylene film as recited In Claim 1 wherein the film has a thicknesses of about 1.0 mil to 3.0 mil . 

5. A polypropylene film as recited in Claim 1 wherein the sodium benzoate has a purity of 99%. 

6. A polypropylene film as recited in Claim 1 wherein the sodium benzoate has a particle size of from about 
1 micron to about 3 microns. 

7. A process for making a mono-axially oriented polypropylene film comprising: 

1) blending sodium benzoate at a level up to 1 000 ppm into polypropylene; 

2) plasticating the polypropylene-sodium benzoate mix in an extruder; 

3) extruding the polypropylene-sodium benzoate mix through a flat sheet die to produce a polypropy- 
lene sheet 

4) contacting the polypropylene sheet with a cooling cylinder or a water quenched bath; 

5) drawing the polypropylene sheet longitudinally with respect to the direction of extrusion at a tem- 
perature below the melting point of the polypropylene and at a draw ratio in the longitudinal direction 
of at least about 4:1. 

8. A process as recited in Claim 7 wherein the polypropylene has an isotacticity exceeding 97% as deter- 
mined by C 13 -NMR spectroscopy. 

9. A process as recited In Claim 7 wherein the film has a thicknesses of about 0.5 mil to 5.0 mil. 

10. A process as recited in Claim 7 wherein the film has a thicknesses of about 1.0 mil to 3.0 mil. 

11 A process as recited In Claim 7 wherein the sodium benzoate has a purity of 99%. 

12. A process as recited in Claim 7 wherein the sodium benzoate has a particle size of from about 1 .0 micron 
to about 3 microns. 
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FIG. I 
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FIG.3 
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